Introduction {#sec1-1}
============

"Moyamoya" is a Japanese word which means hazy like a puff of smoke in the air.\[[@ref1]\] This term was used to describe the smoky angiographic appearance of tangled, tiny, collateral vasculature which develops as a compensation to reduced cerebral blood flow.\[[@ref1][@ref2]\] Classic angiographic findings of moyamoya vessels have been demonstrated in medical conditions such as neurofibromatosis type 1, tuberous sclerosis, systemic lupus erythematosus, antiphospholipid antibody syndrome, Down syndrome, infective etiologies, namely, tuberculous meningitis, bacterial meningitis, aplastic anemia, and prothrombotic states such as sickle cell anemia.\[[@ref3]\] These are classified as having moyamoya syndrome (MMS). Although moyamoya disease (MMD) is a common cause of transient ischemic stroke in Asian children and young adults, there have been very few cases of MMS in thalassemia published in the literature.\[[@ref4][@ref5][@ref6]\]

Case Report {#sec1-2}
===========

A 25-year-old female, diagnosed with hemoglobin E (HbE)-beta thalassemia at 4 years of age by genetic testing, requiring monthly packed red blood cell transfusion (transfusion dependent) had Xmn1 polymorphism +/-genotype. At 24 years of age, hydroxyurea was initiated, but she responded partially to hydroxyurea therapy (HU), requiring less frequent packed red blood cell (PRBC) transfusions. After 1 year on HU, she developed irregular, involuntary, twisting, and writhing movements in the left upper and lower extremities which were subacute in onset and developed over 10 days. No past medical history of infections, rheumatic fever, or family history of any movement disorder was noted. Physical examination suggested choreoathetoid movements in the left upper and lower extremities. Complete blood count and comprehensive metabolic panel were within normal range except hemoglobin was 8.2 g/dl. Magnetic resonance (MR) imaging of the brain \[[Figure 1](#F1){ref-type="fig"}\] showed loss of normal flow void signal in the right middle cerebral artery (MCA) with multiple flow voids in the region of lenticulostriate branches. Diffusion-weighted imaging did not reveal abnormal restricted diffusion ruling out an acute basal ganglia stroke. She was started on aspirin and tetrabenazine for chorea. Since her symptoms persisted, a multislice, multiplanar computed tomography (CT) angiogram of the circle of Willis \[[Figure 2](#F2){ref-type="fig"}\] was done, suggesting mild narrowing of petrous, cavernous, and supraclinoid segments of the right internal carotid artery (ICA). The M1 and M2 segments of the right MCA were thin in caliber with paucity of its distal branches, and multiple collaterals were noted in the lenticulostriate region suggestive of moyamoya vessels. Other medical conditions associated with MMS such as vasculitis, autoimmune conditions, infections, thrombophilias, and connective tissue disorders were ruled out on history, physical examination, and relevant blood investigations. PRBC transfusions were reinitiated and aspirin was continued. She has continued to remain asymptomatic without neurological deficits. After 5 months, follow-up 3.0-Tesla MR angiography of cerebral vasculature using a three-dimensional time-of-fight sequence \[[Figure 3](#F3){ref-type="fig"}\] showed further narrowing of bilateral anterior cerebral arteries and its branches, namely callosomarginal and pericallosal arteries.

![Magnetic resonance imaging T2-weighted axial view showing punctate flow voids in the right basal ganglia and thalamic region (arrow)](JPGM-64-240-g001){#F1}

![Computed tomography angiogram of circle of Willis shows. (a) multiple collaterals in the lenticulostriate region (arrow). (b) along with thinning of right MCA and paucity of terminal branches (arrow)](JPGM-64-240-g002){#F2}

![Magnetic resonance angiogram of circle of Willis. (a) axial view showing severe narrowing of the M1 segment of right middle cerebral artery at the origin (arrow). (b) coronal view showing fine collaterals in the region of right basal ganglia and thalamus, arising from anterior choroidal and posterior choroidal arteries (arrow)](JPGM-64-240-g003){#F3}

Discussion {#sec1-3}
==========

HbE-beta thalassemia has a wide clinical heterogeneity, ranging from asymptomatic to severe transfusion-dependent thalassemia. MMS presentation is variable and includes transient ischemic attack (TIA), ischemic stroke, hemorrhagic stroke, and epilepsy although it can rarely develop dystonia, chorea, or dyskinesia.\[[@ref7][@ref8]\] Our patient presented with choreoathetoid movements, and other common causes of chreoathetoid movements such as drug side effects, Sydenham\'s chorea, and neurodegenerative conditions were ruled out by obtaining appropriate medical history, laboratory investigations, and radio imaging. To the best of our knowledge, there have been no cases of MMS or choreoathetoid movements reported with HU therapy in the literature.

In thalassemia, anemia and low hemoglobin levels may cause tissue hypoxia and hypertrophic vascular endothelium, leading to microvascular stenosis.\[[@ref6][@ref9][@ref10]\] Hence, regular blood transfusions were re-initiated in our patient. Multiple cerebral infarcts and large arterial occlusions in HbE-beta thalassemia-associated MMS has also been related to its chronic hypercoagulable state. Hypercoagulable state in thalassemia is multifactorial attributed to endothelial activation, altered platelet function, red blood cell membrane abnormalities leading to activation of the coagulation cascades, and changes in coagulation protein levels.\[[@ref4][@ref9][@ref10]\]

The diagnosis of MMS is based on the characteristic angiographic appearance of bilateral stenosis affecting the distal ICAs and proximal circle of Willis vessels, along with the presence of prominent basal collateral vessels.\[[@ref3]\] Although digital subtract angiography was earlier considered as the gold standard for diagnosis of MMD, MR and CT angiography can noninvasively demonstrate the stenotic or occlusive lesions in distal ICAs and the arteries around the circle of Willis, including the collateral moyamoya vessels in the basal ganglia.\[[@ref11][@ref12][@ref13]\] Hence, MR and CT angiography with multirow systems are currently the main imaging methods of diagnostics of the entire range of vascular changes in MMD.\[[@ref11][@ref12][@ref13]\] In our patient, CT angiogram of the circle of Willis showed mild narrowing of distal segments of the right ICA, M1, and M2 segments of the right middle cerebral arteries and multiple collaterals in the lenticulostriate region consistent with moyamoya vessels. Follow-up MR angiogram after 5 months showed further narrowing of bilateral anterior cerebral arteries suggesting a progressive disease. In MRI, dilated collateral vessels in the basal ganglia and thalamus can be demonstrated as multiple punctate flow voids, which is considered virtually diagnostic of MMS.\[[@ref14]\] MRI in our patient showed loss of normal flow void signal in the right middle cerebral artery with multiple flow void in the region of lenticulostriate branches.

There is no curative treatment for MMS. In patients with MMS, it is important to search for and treat the underlying condition.\[[@ref3]\] As our patient did not respond adequately to HU therapy, HU was discontinued, and regular PRBC transfusions were reinitiated as chronic hypoxia due to anemia could have been one of the causative factors for developing MMS. Antiplatelet agents have been used as secondary prevention, particularly in those who are asymptomatic or have mildly symptomatic ischemic disease.\[[@ref14]\] Our patient was started on aspirin. Surgical techniques such as direct arterial anastomosis (superficial temporal-to-middle cerebral artery bypass) and indirect synangiosis (encephaloduroarteriosynangiosis) are most often used as secondary prophylaxis for patients with ischemic-type moyamoya who have cognitive decline or progressive symptoms.\[[@ref3][@ref15]\] We are also contemplating a surgical intervention such as encephaloduroarteriosynangiosis in our patient.

Conclusion {#sec1-4}
==========

Choreoathetoid movements or other neurological dysfunctions such as TIA, stroke, or epilepsy in HbE-beta thalassemia could be attributed to MMS, diagnosed preferably by noninvasive angiographic techniques. In MMS, initiation of secondary prophylaxis measures is essential to prevent progression or recurrence of neurological symptoms.
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